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Introduction: Acute myeloid leukemia (AML) is a type of blood disorder that exhibits

uncontrolled growth and reduced ability to undergo apoptosis. Signal transducer and acti-

vator of transcription 3 (STAT3) is a family member of transcription factors which promotes

carcinogenesis in most human cancers. This effect on AML is accomplished through dereg-

ulation of several critical genes, such as B cell lymphoma-extra-large (BCL-XL) which is

anti-apoptotic protein. The aim of this study was to evaluate the effect of curcumin (CUR)

and thalidomide (THAL) on apoptosis induction and also the alteration of the mRNA

expression level of STAT3 and BCL-XL mRNA on AML cell line compounds.

Methods: The growth inhibitory effects of CUR and THAL and their combination were

measured by MTT assay in U937 and KG-1 cell lines. The rates of apoptosis induction and

cell cycle analysis were measured by concurrent staining with Annexin V and PI. The mRNA

expression level of STAT3 and BCL-XL was evaluated by Real-Time PCR.

Results: CUR inhibited proliferation and induced apoptosis in both KG-1 and U937 cells

and this effect increased by combination with THAL. The expression level of STAT3 and

BCL-XL was significantly down-regulated in KG-1 cells after treatment by CUR and THAL

and their combination.

Conclusion: Overall, our findings suggested that down-regulation of STAT3 and BCL-XL

mRNA expression in response to CUR and THAL treatment lead to inhibition of cell growth

and induction of apoptosis.
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Introduction
AML is a heterogeneous malignant disorder, which is characterized by the accu-

mulation of clonal leukemic blasts in the bone marrow.1,2 Despite high-dose

chemotherapy, the total survival rate of AML patients was around 30–40%, so,

there remains a need for innovative, effective, minimally toxic, therapies for

AML.3–6 STAT plays a fundamental role in the regulation of growth, survival,

and differentiation of diverse cells. STAT3 modulates the transcription of a variety

of signaling pathways involved in the regulation of critical functions, including

apoptosis, angiogenesis, metastasis, cell differentiation, proliferation and immune

responses. STAT3 plays a critical role in progress and carcinogenesis.7 Aberrant

STAT3 activation promotes tumor growth and development through deregulation of

some gene expression such as CYCLIN D1, MYC, BCL-XL, BCL-2, survivin and

VEGF that involve in cell growth, survival, angiogenesis and invasion.8–11 Aberrant
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activation of signal transduction and transcription of

STAT3 proteins have been reported in leukemia.12,13

Inhibition of STAT3 signaling cascades causes cell apop-

tosis and ultimately leukemia remission.14,15

BCL-XL is a member of BCL-2 families.16 BCL-XL has

an anti-apoptotic effect, controlled by several mechanisms.

BCL-XL acts as an anti-apoptotic protein by preventing the

release of mitochondrial contents such as cytochrome c,

which leads to caspase activation and ultimately programmed

cell death.17 STAT3 andBCL-XLplay crucial roles in cellular

proliferation (Figure 1). Studies showed that STAT3 signaling

provides survival signals that suppress apoptosis inmalignant

cells, this effect was done by BCL-XL as a target gene.18

Recently, the use of natural dietary agents recommended

as an authentic option for the treatment of cancers.19 Among

these natural agents, CUR is a product from a perennial herb

(Curcuma longa), that has an anti-cancer,20,21 antioxidant,22

and anti-inflammatory effect.23,24 Several studies showed

that CUR inhibited carcinogenesis by the effect on cell

cycle and up-regulation of pro-apoptotic proteins (such as

BAX, BAD) and downregulation of anti-apoptotic proteins

(such as BCL2 and BCL-XL).25 THAL inhibits angiogenesis

by inhibiting basic fibroblast growth factor (bFGF) and vas-

cular endothelial growth factor (VEGF).26–29 The aim of the

present study was to investigate the effects of CUR and

THAL on proliferation and apoptosis and examine the effect

of these compounds on mRNA expression levels of STAT3

and BCL-XL on U937 and KG-1 as indicated AML cell

lines.

Materials and Methods
Reagents
For this experimental study, curcumin and Annexin

V-FITC apoptosis detection kit and dimethyl sulfoxide

(DMSO) and 5-diphenyltetrazolium bromide (MTT) dye

were obtained from the Sigma-Aldrich (Sigma-Aldrich,

St. Louis, MO, USA), Thalidomide was purchased from

the Santa Cruz Company (Santa Cruz, Dallas, TX, USA),

RPMI 1640 medium and fetal bovine serum (FBS) were

obtained from Gibco (Gibco, Carlsbad, CA). The cDNA

synthesis kit and SYBR Premix Ex Taq™ were purchased

from Takara Biotechnology Co (Otsu, Japan).

Cell Lines and Cell Culture
U937 and KG-1 were obtained from the National Cell Bank

of Iran (Pasteur Institute, Tehran, Iran). U937 cells were

cultured in RPMI 1640 medium supplemented with 10%

FBS and KG-1 cultured in DMEM medium supplemented

with 20%FBS, then cells incubated at 37°C in 5%CO2. CUR

was dissolved in DMSO to prepare a 50 mM concentration.

Culture media with 0.1% of DMSO were used as a control.

THAL was dissolved in DMSO to make 20 mM concentra-

tion and then dissolved in sterile double-distilled water.

MTT Assay
MTT assay was carried out to estimate cell viability after

treatment with CUR and THAL. Briefly, the cells were

cultured in 96-well plates at a density of 5000 cells per

well in the presence of the above-mentioned compounds.

After 24, 48 and 72 hrs, 50 μL MTT solution (0.5 mg/mL)

(Sigma-Aldrich, St. Louis, MO) was added to each well

and then incubated at 37°C and 5% CO2 for 2 hrs. The

precipitated formazan was dissolved in 100 μL of DMSO,

and the optical wavelength was 570 nm in an ELISA

reader (Microplate Reader; Bio-Rad, Hercules, CA, USA).

Flow Cytometry Analysis
U937 and KG-1 cell lines were seeded at a density of 3 ×

105 cell/well and incubated for 24 hrs in the absence and

presence of CUR, THAL and their combinations. To
Figure 1 Schematic mechanisms of CUR/THAL on STAT3 and BCL-XL and con-

tributing to carcinogenesis.
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assess the percentage of apoptosis induction by treated

compounds, Annexin V-FITC staining assay was done

based on protocol.

Cell Cycle Analysis
Cells were treated with different concentrations of THAL

and CUR; after 48 hrs, cells were washed with cold PBS

and fixed with 70% ethanol overnight. Cells again were

washed with PBS and incubated at 37° C for 30 mins with

RNase I and PI. Data analyzed by Flowjo software(Tree

Star Inc., version 9.6.3, USA).

RNA Isolation and Real-Time PCR
Total RNA was isolated with the Tripure Isolation Reagent

(Roche Applied Science, Peuzberg, Germany) according to

the manufacturer’s directions. Complementary DNA (cDNA)

was reverse transcribed by using cDNA synthesis kit (Takara

Bio Inc., Otsu, Japan). Real-time PCR was performed with

Step One Plus™ (Applied Biosystems, Foster City, CA,

USA) using SYBR green technology (Takara Bio Inc.).

HPRT1 mRNA expression level as a housekeeping gene

used for estimating the relative expression levels in compar-

ison with STAT3 and BCL-XL and the relative expression

was calculated according to the 2−ΔΔCT method. The primer

sequences and their amplicon size are listed in Table 1.

Statistical Analysis
All experiments were performed in triplicate, and results

have been expressed as the mean ± SE. Student’s t-test and

one-way ANOVA used to determine the statistical signifi-

cance of difference. ANOVAwas used to compare groups.

Since the groups were different at the 0.05 level of error,

Duncan’s post hoc test was used to further compare each

group with the control group and to explain which one had

a significance level of 0.05 and 0.01.

Results
CUR Inhibits Cell Proliferation
The effect of CUR and THAL on cell viability was

evaluated in KG1 and U937 cell lines. After treatment

with different concentrations of compounds for 24, 48

and 72 hrs, proliferation assessed by MTT assay

(Figures 1 and 2). Results showed that CUR and

THAL inhibited cell proliferation. IC50 of CUR was

40 μM in KG-1 and U937 and IC50 of THAL were

80 μM and 60 μM in KG-1 and U937 cells, respectively.

Results indicated that CUR and THAL had a significant

effect on both cell lines in dose- and time-dependent

manners. To investigate the synergic activity of CUR

in combination with THAL, the proliferation of

treated cells was also assessed 24 and 48 hrs post-

treatments (72 hrs had no significant difference when

compared with 48 hrs). Furthermore, a combination of

CUR and THAL when compared with single-agent treat-

ment showed a significant decrease in cell proliferation

on both cells (Figures 2 and 3).

CUR Enhances Apoptosis in Combination

with THAL
Flow cytometry analysis was performed to assess the

effect of CUR/THAL on apoptosis induction. Results

revealed that the percentage of annexin V/PI increased

gradually after 48 h of treatment. These results indicated

that the CUR and THAL and their combinations induced

apoptosis in U937 and KG-1 cells (Figures 4 and 5). We

observed a significant increase in early apoptotic cells

when cells were treated with concentration THAL

60µM, CUR 40µM and CUR 40µM/THAL 60µM in

U937 and THAL 80µM, CUR 40µM and CUR 40µM/

THAL 80µM in KG-1 cells as compared with control in

both cell lines. A significant increase of apoptotic cells

(68.8% in KG-1 and 94.5% in U937) was seen in

combination of CUR and THAL. In histograms the

lower left quadrant in every panel represents viable

cells, upper left represents necrotic cells which excluded

PI and were negative for annexin V-FITC binding. The

upper right quadrant contains nonviable, late apoptotic

cells, positive for annexin V-FITC/PI uptake. Lower

right quadrant contains early apoptotic cells, annexin

V-FITC positive and PI negative.

Table 1 The Primer Used for qRT –PCR

Gene Accession Number Forward Primer (5ʹ–3ʹ) Reverse Primer (5ʹ–3ʹ) Size (bp)

HPRT NM_000194 TGGACAGGACTGAACGTCTTG CCAGCAGGTCAGCAAAGAATTTA 111

STAT-3 XM_017024976.1 TGGCCCCTTGGATTGAGAGTC GCAGGAAGCGGCTATACTGCT 117

BCL-XL XM_011528964.2 TGGACAATGGACTGGTTG GTAGAGTGGATGGTCAG 746
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Cell Cycle Analysis
DNA content of KG-1 and U937 cells was evaluated by

flow cytometry (PI). Results of cell cycle analysis demon-

strated that cell population of U937 at subG1 phase

increased especially in combination of CUR 40µM/

THAL 60µM, subG1 phase increased from 1.44% to

36.87. Moreover, the cell population of KG-1 arrested at

the subG1 phase especially in combination of CUR 40µM/

THAL 80µM, subG1 phase increased up to 48.7%

(Figure 6).

STAT3 and BCL-XL Expression Level Were

Decreased by CUR/THAL
KG-1 and U937 cells were treated with certain concentra-

tions of CUR and THAL for 48 hrs and then examined for

expression of STAT3 and BCL-XL by Real-Time PCR.

The mRNA expression level of STAT3 and BCL-XL was

decreased in a certain concentration of CUR and THAL

and their combination in KG-1 and U937 cells (Figure 7).

Discussion
AML is a kind of hematological malignancies character-

ized by the infiltration of blasts to the bone marrow, blood,

and other tissues.19,30 Constitutive activation of STAT3 has

a critical impact on the carcinogenesis,15 via deregulation

of critical genes like the BCL-2 family (the best character-

ized group of apoptosis-mediating factors) including

BCL-2, BCL-XL, BAX and BAK, which control cell

growth and angiogenesis, survival, migration, invasion

and metastasis. [10, 26-28-32]. BCL-XL has anti-

apoptotic effect.16 According to this observation, blockage

of STAT3 gene expression could inhibit cell survival by

blockage of BCL-XL gene expression as an anti-apoptotic

protein. Various studies demonstrated that CUR (the active

Figure 2 Effects of CUR and THAL on cell viability of KG-1 cell line evaluated by MTT assay. The anti-proliferative effects of THAL (0–100 μM), CUR (0–100 μM) in 24, 48

and 72 hrs and CUR/THAL in 24 and 48 hrs. Data are mean ± SE of three independent experiments. Statistical significances were defined at *P < 0.05 and **P < 0.01

compared to corresponding untreated controls.
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principle of turmeric) as a phytochemical inhibits prolif-

eration in different types of cancer cells via targeting

multiple cellular signaling pathways such as NF-kB, the

mitogen-activated protein kinase, Wnt, PI3K/AKT/mTOR

and Notch-mediated signaling pathways.31,32 During the

last few years, several studies have investigated the poten-

tial impact of CUR (alone or in combination with other

anticancer agents) on cancer stem cells.33 Curcumin has

been shown to inhibit neoplastic initiation, promotion, and

progression in several cancers where numerous mechan-

isms have been proposed to account for the ability of

curcumin to induce apoptosis in malignant cells.34 THAL

is an immunomodulatory agent, it can be used as

a potential compound for treatment of malignant and

immunological disorders. THAL is known as a potent

inhibitor of angiogenesis which used for the treatment of

cancer.35 Hence, we examined the combination effect of

CUR and THAL on AML cell lines including U937

and KG-1, to measure the level of STAT3 and BCL-XL

gene expression after treatment with these compounds.

Since STAT3 plays an important role in the up-regulation

of BCL-XL, it is reasonable to assume that down-

regulation of STAT3 and subsequently BCL-XL lead to

appropriate percent of apoptosis in both cell lines. Our

results indicated that CUR significantly inhibited cell pro-

liferation and induced apoptosis in KG-1 and U937 cell

lines. CUR in combination with THAL has more effects

on proliferation and apoptosis. Cytotoxic effect of CUR on

AML cell lines was demonstrated in previous studies.20,36

Rao et al reported curcumin inhibited proliferation and

induced apoptosis and G1/S arrest in both DNR-

insensitive KG1a, Kasumi-1 and DNR-sensitive U937

cells. We observed cell arrest at the subG1/G1 phase of

the cell cycle. Curcumin-induced apoptosis was associated

Figure 3 Effects of CUR and THAL on cell viability of U937 cell line evaluated by MTTassay. The anti-proliferative effects of THAL (0–100 μM), CUR (0–100 μM) in 24, 48

and 72 hrs and CUR/THAL in 24 and 48 hrs. Data are mean ± SE of three independent experiments. Statistical significances were defined at *P < 0.05 and **P < 0.01

compared to corresponding untreated controls.
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Figure 4 Flow Cytometry analysis. KG-1 cells treated with CUR (40 µM) and THAL (80 µM) and their combination. Necrosis and apoptosis effect of CUR and THAL and

their combination in KG-1 cells after 48 hrs. Data are mean ± SE of three independent experiments. Statistical significance was defined at *P < 0.05 and **P < 0.01 compared

to corresponding untreated controls.
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Figure 5 Flow cytometry analysis. U937 cells treated with CUR (40 µM) and THAL (60 µM) and their combination. Necrosis and apoptosis effect of CUR and THAL and

their combination in KG-1 cells after 48 hrs. Data mean ± SE of three independent experiments. Statistical significance was defined at *P < 0.05 and **P < 0.01 compared to

corresponding untreated controls.
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with reduced expression of both BCL-2 mRNA and

protein.36 Giannopoulos et al reported an apoptotic effect

of THAL on CLL cell lines.37 CUR promoted an appro-

priate effect of bortezomib and THAL on multiple mye-

loma (MM) and also demonstrated that CUR mediated this

effect by down-regulation of several gene products such as

BCL-XL.38 Zhuang et al reported that the activation of

STAT3 (as a critical transcriptional activator of MCL-1

and BCL-XL) by Src in melanoma cells induces the upre-

gulation of MCL-1 and BCL-XL.39 Furthermore,

a previous study verified that increase BCL-XL expression

related with increase of STAT3 expression.18 Ghosh et al

showed that CUR can inhibit STAT3 activation34 also

Mackenzie et al demonstrated that inhibition of STAT3

by CUR leads to decreased level of some antipoetic pro-

tein such as BCL-XL and BCL-2.40 Zhao et al indicated

that downregulation of STAT3 by RNA interference leads

to significant induction of apoptosis and also inhibition of

proliferation in HL-60 AML cells.12 Han et al and Woo

et al in two separate studies reported that CUR down-

regulated the expression of survival genes such as BCL-

XL.41,42 In this study, Real-Time PCR analysis showed

that the gene expression of STAT3 and BCL-XL signifi-

cantly decreases in KG-1 cell line with single and combi-

nation doses of CUR and THAL, contrary to KG-1 we

observed an increasing level of STAT3 and BCL-XL gene

expression in U937 cell line. Moreover, our previous stu-

dies indicated that THAL and CUR had a significant effect

on VEGFs (as a critical regulator of angiogenesis) and

PI3K/AKT/mTOR pathway [24, 29].

Conclusion
In conclusion, we found that the combination of CUR

and THAL significantly reduced the viability of U937

Figure 6 Cell cycle analysis. (A andB) 48 hrs exposure to different concentrations of CUR and THAL decreased the number of cells at G2 phase and increased the number of cells at

subG1 phase in KG-1 andU937 (all numbers presented as a percent). (C andD)Diagrams of cell cycle analysis in KG-1 andU937 cells. Our results showed changes in the proportion of

cells at the G0/G1 phase of the cell cycle in KG-1 and U937 cells.

Mohammadi Kian et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Drug Design, Development and Therapy 2020:14192

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


and KG-1 cells. The information derived from this study

suggested that downregulation of STAT3 and subse-

quently BCL-XL lead to apoptosis in AML cell lines.

We used CUR as a herbal compound that has lower side

effects in comparison with chemotherapy agents, for

enhancement of CUR effect’s we combined CUR with

THAL. Our finding demonstrated that the combined

effect of CUR/THAL may be a novel therapeutic strat-

egy for AML cells.
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